Objectives-Diesel exhaust is a common air pollutant made up of several gases, hydrocarbons, and particles. An experimental study was carried out which was designed to evaluate if a particle trap on the tail pipe of an idling diesel engine would reduce effects on symptoms and lung function caused by the diesel exhaust, compared with exposure to unfiltered exhaust. Methods-Twelve healthy non-smoking
volunteers (aged 20-37) were investigated in an exposure chamber for one hour during light work on a bicycle ergometer at 75 W. Each subject underwent three separate double blind exposures in a randomised sequence: to air and to diesel exhaust with the particle trap at the tail pipe and to unfiltered diesel exhaust. Symptoms were recorded according to the Borg scale before, every 10 minutes during, and 30 minutes after the exposure. Lung function was measured with a computerised whole body plethysmograph. Results-The ceramic wall flow particle trap reduced the number of particles by 46%, whereas other compounds were relatively constant. It was shown that the most prominent symptoms during exposure to diesel exhaust were irritation of the eyes and nose and an unpleasant smell increasing during exposure. Both airway resistance (Rw) and specific airway resistance (SRKw) increased significantly during the exposures to diesel exhaust. Despite the 46% reduction in particle numbers by the trap effects on symptoms and lung function were not significantly attenuated. Conclusion-Exposure to diesel exhaust caused symptoms and bronchoconstriction which were not significantly reduced by a particle trap.
(Occup Environ Med 1996;53:658-662) Keywords: diesel exhaust; particle trap; air pollution; bronchoconstriction Diesel exhaust has been shown to cause unwanted biological effects in exposed humans. Workers exposed to diesel exhaust have been reported to have an increased prevalence of such symptoms as burning eyes, headache, nausea, difficult or laboured breathing, cough, pleghm, and wheeze.'-3 Workers exposed to petrol and diesel exhaust have an increased airway resistance, increased closing volume (CV), and reversible reductions of forced expiratory volume in 1 second (FEV,) and forced vital capacity (FVC). [4] [5] [6] [7] At workplaces where workers have been exposed to diesel exhaust, nitrogen dioxide (NO2) has often been measured as an indicator of exposure. Miners, for example, have been found to be exposed to diesel exhaust up to an average concentration of 3-3 ppm NO, during a full workshift,8 workers on roll on roll off ships have been exposed to an average concentration of 1-15 ppm NO, during a whole workshift,3
and drivers in a tunnel to an average concentration of 1-3 ppm NO,.7 Short term exposures of up to 8 ppm in miners have been reported.9
Apart from NO,, diesel exhaust consists of a large variety of gases and vapours. Water and carbon dioxide (CO,) are the end products of optimal combustion. Due to incomplete combustion liquid and solid particles and gases are generated. The main gases are carbon monoxide (CO), nitrogen monoxide (NO), and NO,.
A small but important percentage of the fuel is polymerised, pyrolysed, cracked, oxidised, sulphonated, and nitrated into several hundred compounds.'0-12 The structure and concentration of these compounds can be very different depending on the age and size of the engine, the driving modes, fuel, air to fuel mass ratio, fuel additives, motor oil, and engine and outdoor temperature, as well as control devices-for example, particle traps and catalysts.'31-6 Gases and hydrocarbons are adsorbed or condensed on a carbonaceous core where 5%-50% of the mass of particles can be extractable organic compounds. '7 In our clinical experience it is common for workers to complain of symptoms related to exposure to diesel exhaust from idling vehicles. Recently we have presented an experimental design including a shunt dilutor for diesel exhaust and an exposure chamber.'8 To study symptoms people were exposed to controlled diluted diesel exhaust from an idling lorry.
The aim of the study was to evaluate effects on symptoms and lung function caused by exposure to diesel exhaust compared with air, and to evaluate if a particle trap at the tail pipe of the idling diesel engine would abolish or diminish the effects of exhaust.
Subjects and methods

DESIGN OF THE STUDY
Twelve healthy non-smoking and non-asthmatic subjects, four women and eight men (aged 20-37), were exposed to diluted diesel exhaust from a continuously idling vc an exposure chamber for one hour.
They were exposed on three separa sions: to air, to diesel exhaust with a trap at the tail pipe, and to unfiltere exhaust. The sequence of exhaust e was randomised. The same device was used as for exposure with the trap except that the conical cylinders were connected to each other without the trap fling lorry; between them.
amber EXPOSURE TO AIR
The subjects were exposed to pure air through vehicle in the exposure system. A new tube from the shunt dilutor to the exposure chamber was used Lte occa-to avoid smell from old diesel exhaust. Due to particle the sound from the evacuation fan in the expo-,d diesel sure chamber it was impossible for the subjects .xposure to hear whether the engine was running or not. ure was ins mea-CHALLENGE TESTS During After the warming up period, with or without )y riding the particulate trap, the exhaust was fed into nd work the exposure chamber. The air in the exposure -ed every chamber was changed every 2-3 minutes and Is were the steady state in the exposure chamber was ring the achieved within 10 minutes.
Is. Lung
The composition of the diesel exhaust mea-:er expo-sured as particles, NO2, NO, CO, total hydroftrom an carbons, and formaldehyde in the exposure r and at chamber have been shown to be almost conve their stant throughout the three hours. ' ture which is housed in a metal shell. Every second channel was open and the others were plugged with ceramic material at the inlet of the exhaust filter. The outlet of the filter was opposite to the inlet. Gases had to pass the ceramic wall before they could leave the filter through the open channels at the outlet of the filter. The
Coming Ex-54 had a mean pore size of 22 4um
and 50% total porosity. The area of each channel in the trap was 1 9 x 1 9 mm and the thickness of the wall between two channels was 0-64 mm. Two identical traps were used for the tests. The mechanical filter (ceramic walls) in the trap accumulated particles with time. To avoid an excessive pressure drop in the trap the filter was regenerated after four hours of idling, at Volvo in Gothenburg. ticle trap showed a significant increase in l, (P < 0-02) and SR.,, (P < 0 01). Exposure to diesel exhaust without the particle trap also caused a significant increase in Ra, (P < 0 04) and SR,, (P < 0 03). No significant difference showed non-significant changes during expo-
sure to diesel exhaust with and without the par-I The intensity of the most prominent symptoms, (A) eye, (B) nose irritation, tide trap. Air exposure gave no significant unpleasant smell according to Borg scale 5 minutes before (arrow a), during, and changes in any lung function variables.
ites after exposure Karrow h)-Thte intenWISItes2ere signifirantlv higher durirng -Ju rr&t&mXma jr rAJpGi.3GkJrrvIG liVXS. A itcG &taizuni-ma -wvrt; J&r,&tj~u&&yvtry itsgnewt G"^&rm exposure to diesel exhaust than exposures to air (see results). No significant differences were found with and without the particle trap. The intensity scores are mean (SEM).
only a small proportion of the total number of particles but a large proportion of the mass.
This indicates that the mass of exhaust particles was probably reduced, but this was not evaluated further.
SYMPTOMS
Air exposure caused no significant increase in symptoms. The most frequent symptoms during diesel exhaust exposure with and without the particle trap were eye and nose irritation and unpleasant smell. Figure 4 shows the intensity of these symptoms as a function of time during exposure to air, and diesel exhaust with
Discussion
In an earlier study of exposure to diesel exhaust'8 we investigated changes in lung function with dynamic spirometry and found no effect on FEVI and FVC. In this study, we used more sensitive equipment, a state of the art computerised whole body plethysmograph, and found significantly increased Raw and SR,,, both with and without the particle trap compared with exposure to air. Consequently a 46% reduction of the median steady state particle number was not sufficient to protect against the bronchoconstriction found to be induced by diesel exhaust.
The intensity of the most prominent symptoms in this study, as well as in our former group.bmj.com on June 18, 2017 -Published by http://oem.bmj.com/ Downloaded from study,18 were eye and nose irritation and unpleasant smell. These symptoms increased during exposure to exhaust with and without the particle trap. The trap did not protect against the increases found in R,1 and S&,. In the earlier study the intensity of unpleasant smell was higher and nose irritation was less pronounced.'8 One explanation could be the lower sulphur and higher paraffin and naphthene content in the fuel (Swedish MK 1: sulphur 5 ppm) used in this study compared with the previously used older type of less purified fuel (Swedish MK 3: sulphur 900 ppm).
When interpreting the efficacy of the ceramic particle trap to prevent biological effects, it is recognised that the power of the study is dependent upon the number of subjects included. The number was based on earlier experiences of experimental air pollution studies in humans, and also the obvious need to limit the number of subjects for 25 It is concluded that diluted diesel exhaust caused increased symptoms of the eyes and nose, an unpleasant smell, and bronchoconstriction. The ceramic particle trap reduced the median particle number concentration by 46%, which was not sufficient to protect significantly against the effects of exhaust found within the population studied. 
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